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Historical Overview and Current Program Efforts 

Introduction 

The following historical overview is designed for the convenience of 
the reviewer to trace the development of this program, which is devoted to 
exploring new energy conversion concepts that appear to have a particularly 
high payoff for NASA. The program has developed out of earlier programs 
which examined the potential of the laser for NASA as a fusion energy source 
for propulsion, an energy transmission device in space and, in particular, 
to develop energy conversion systems to convert laser radiation back into 
useful work. Over the years programs undertaken by the University of 
Washington for NASA have changed direction as NASA's mission capabilities 
in space have developed, until at present the program is largely directed 
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toward exploitation of new concepts of thermal management suitable for 
NASA's and the nation's needs. 

Radiation Receivers 

Several years ago the research team at the University of Washington was 
asked by colleagues at NASA to examine areas of energy conversion technology 
which showed promise of enhancing NASA's ability to convert laser or solar 
radiation into useful electrical energy. The preliminary studies were 
carried out by devising a mode! of a solar energy conversion system to 
examine the problems and advantages of high temperatures on energy 
conversion systems.^ The study confirmed tliat a special receiver would be 
needed to suppress reradiation; otherwise receiver temperatures above 1500°K 
would be relatively inefficient due to blackbody reradiation.^ The 
advantages of hi'ii temperature proved to be so attractive that a study of 
the physics of reradiation was carried out. These studies led to a new 
concept for radiation receivers in which the solar raoiation was received in 
depth by a flowing gas in such a manner as to lead to the potential of 
extremely high temperatures within the receiver. It was shown that the 
reradiation could be trapped behind the colder gas entering the system so 
that the reradiation losses were minimized and efficient receivers working 
at up to as high as 3000°K are feasible in principle. In order to evaluate 
this potential, an experimental program was set up using a gaseous potassium 
system to demonstrate the process of radiation trapping and the potential of 
high efficiencies, as well as to provide a framework to test the 
technological feasibility of the system. This phase of our work has been 
succ'^ssful ly concluded with the achievement of the experimental conditions 
adequate to demonstrate the feasibility of radiation trapping as a method of 
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potentially increasing the efficiency of nigh tenperctjre radiatior 
receivers. *** 

It should be pointed out that these findings apply not only to the 
trapping of solar radiation in useful working gases fur proposed high 
tenperature energy conversion systems but also ei;ually well to the trapping 
of laser radiation provided tnat the proper gases are chosen. In addition, 
the efficient conversion of solar radiation into laser radiation via the 
solar-thermal -pumped lasers under study at the University under NASA grant 
NAG 1-176,^’^ and the potential of solar thermal photovol taics^ to utilize 
the principle of a very high tenperature blacuhody cavity capai'le of 
recycling tiie photon energy, luiy benefit f ru.i :ne inclusion of the 
fundamental i nf ormat i ;?n developed. Further iiore , nigh temperature nuclear 
energ> sources are egually capable of pumping these systens under conditions 
of proper shielding and tlie addition of a flovmnj ,as systori involving 
radiation trapping would increase the ef r i c i -‘ncy . 

I igu Id Droplet Rad 1 at ion System 

nhile relatively high efficiencies were predicted in these high 
temperature solar energy conversion syste^is,^ tfie studios indicated that the 
addition of bottoming cycles operating at low temperatures provided even 
nigher efficiencies ('-70% conversion of incident radiation into available 
mechanical work). However, the necessity for tiic rejection of the ret.iaining 
heat into space at relatively low temperatures implied a severe heat 
rejection problem. Our research group was also involved in the study of 
various thermal SPS concepts which also indicated that tiie chief limiting 
factor on solar thermal systems appeared to be fhe problem of thermal 
management . 
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The authors were impressed Py the tendency of systems studies to 
optimize space energy thermal systems at relatively high temperatuner. due to 
the almost intractable problem of thermel manatjement and heat reiection. 
After a period of preliminary analysis and studies carried out to examine 
waste management systems of various types, ranging from the conventional 
heat pipe to the more noval concepts which had been suggested historical ly ^ 

Q in 

such as belt, disc and dust radiators, the autnors concluded that a 
significant portion of their program should be devoted to developing 
concepts for thermal managanent in space. 

The advantages suggested by tne dust radiator concept of Dr, 

Hedgepeth's group at ASTRO Research nuiic.iteil laji in principle tiie very 
nigh '•.urface-to-vol ume ratio of tnis system could be exploited to 
significantly reduce the mass of raoiatint; systems. However, the 
difficulties in directing a cloud of dust particles and in transferring heat 
iron the vehicle to the dust particles seened i ".r roctable. At the saiae 
tiir.e, the authors became aware of the devel Ocmt-nt of the ink jet printing 
process proposed by in whicn a clever aothod of producing near-micron 

size ink droplets was developed which could ht? directed by powerful 
electrostatic fields to a sheet as a metncd of rapid printout. The ability 
to generate such carefully controlled droplets, plus the ability of a liquid 
to be in intimate contact with the heat exchanger tubes and remove the heat 
from the vehicle, suggested a direct extension of the liquio droplet 
principle to the design of an improved thermal manageiitent system in space. 
The drawback in such a system would be tlie potential of rapid evaporation of 
the droplets in exposure to the space environment. A study was therefore 
carried out by the students and faculty involved in this research which 
revealed that a variety of fluids are available which would meet the 
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requirenents of a system embracing tiie technology of the liquid jet printer 
and be capable of a useful life.* 

For example, liquid tin at temperatures even as high as 900‘’K would 
match and exceed the performance of heat pipes in this temperature range. 

In addition, the potential low weight of such a system spurred the study for 
other fluids such as eutectics of tin, lead and bismuth for lower 
temperatures. In particular, tiie utilization of known vacuum oils for the 
very low temperature heat rejection systems in space appears to be a new 
finding. 

These studies were first reported by Ur. A.T. f^attick and i>rof. 

A. Hertzberg in an lECEC paper in 1980^^ which discussed the important 
potential for this method of thermal management in space. The result of the 
theoretical analysis indicated that experiments were required to establish 
whetr.er or not metallic liquid droplets of ti>e desired diameter with 
viscosity and surface tension matched reasonably well with the projected 
future system could be produced reliably. Ur. Mattick developed an 
effective experiment which demonstrated that the basic principles of the 
liquid droplet ink jet printer could be applied to a wide variety of fluids. 
Mc-rcury was selected as one of the early experimental fluids due to its 
extret.iely low melting point, which made it fjossible to carry out room 
temperature experiments which closely sir.iulate the performance of liquid 
droplet radiators over a wide (3b0°K-950“K) temperature range. 


‘Thirty years was picked arbitrarily as a measure of useful life for 
proposed space systems. 




CRIGfNAL PAGE IS 
OF POOR QUALITY 

- 6 - 

I'he success of Dr. Mattie* ‘s experiuu-nt i v»js particularly encourayiny 
to the ifii/estiyators. In consultation with the proyran rnanayers of NASA, 
the main emphasis of the program was moved to exploit these findings as 
rapidly as possible. The liquid droplet raoiator indicated the potential of 
heat rejection systems operating over a very wide temperature range and more 
than an order of magnitude lighter than competing heat pipe system. Indeed, 
liquid droplet systems appear particularly effective at low temperatures. 

A study was also carried out of alternative uoncepts which utilized the 
principle of low vapor pressure liquids, suen is "wet" belt radiators, wire 
radiators, and others. In addition, various new and modified concepts built 
aroui .1 the liquid droplet principle were studied. While sonie of these 
alternate concepts offer a significant improvement over the conventional 
heat pipe radiator, the advantages of the liquid droplet radiator (LDR) 
appeared to be so overwhelming that it was deci'‘ed to concentrate the 
efforts of this group on development of the lipiid droplet concept. The 
findinvjs of the group were subjected to peer review in various presentat ions 
and meetings in order to avoid any unforese«?n problems and the feedback from 
these efforts were integrated into deter>iii oi ng ine directions for the ino-'t 
profitable avenues of research.* 


*it M difficult to cover all the peniutat i ons and possibilities in suen a 
system and the authors do not intend by this or any other previous 
presentat ion to imply that the concept, as evolved, is immutable in the face 
of continued research findings. The authors also do not intend to minimise 
the technological and practical difficulties involved in developing the LDR 
to its ultimate capability but rather feel that the potential improvements 
are such that the efforts involved imply such an improvement in the 
capabilities of NASA and the United States to manage thermal systems in 
space that it is proper to devote their best efforts in this direction. 
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In-depth studies were then undertaken of droplet emisslvity, scaling 
properties of the droplet sheet, critical problem areas such as the design 
of effective structural containment, droplet aimimj and dispersion, and 
manufacturing techniques. The potential of the LDR was also integrated into 
one of the investigators' teaching program in space systems design, in which 
the uOR was examined first as a potential "Getaway Special" as early as 
1980. While such an experiment seemed feasible and proper at that time, the 
uncertain future of the Shuttle and the importance of the LDR indicated that 
programmatic enhancement efforts as well as an increase of tlie teaching 
component was needed. For example, in the winter quarter of 1981 the LOR 
was incorporated as part of tne studies of the Aeronautics ^ Astronautics 
curriculum in space systei.is design. Test problems .vere assigned to the 

t 

students related to the then accepted approach of the SP-100 system to 
explore the possibilities of increasing its ouwer capabilities within the 
constraints of the payload voluite and lifting L.ip.ioility of the Shuttle. It 
appeared that the LOR could be used to increase the 100 KW goal of the 
SR-100 concept to levels beyond 250 KW and the concept of deployable 
radiators was realized to be a specific and important aspect of the program. 
In the following year, specific study was made of various nuclear power 
space options utilizing an LOR to explore the potential of megawatt-size 
stations which could be lofted and deployed from the existing Shuttle. 

This teaching program, considered hignly challenging by the students, 
was well received by the better students and provided positive and important 
feedback to the reseach program. For example, the most recent study carried 
out by the students during the winter quarter of 1982 indicated that it is 
possible in principle to consider multimegawatt (I-IO MWe) space -b ased 
nuclear power nodules which can be launched and deployed from the exi sting 
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Shuttle bay . While these studiei ure prelniufMry, tne potential indicated 
by the students' exploratory point desi'jn appejis to be beyond the 
capability of previously examined approaches. The author does not know of 
any other approach which offers a space-based power complex of multi - 
megawatt power, possibly as high as 100 KWe continuous, using only a few 
Shuttle launches. 

■Meanwhile, the basic studies of the Li)P were proceeding rapidly and it 
was found that fundamental problems dealing witli space charge effects and 
aerodynamic drag do not appear to offer any i iisurTioontabl e technological 
difficulties. During the past year, at the invitation of the Air Force 
power group at the Rocket Propulsion Lab, an expanded study was carried out 
by the University in cooperation with the Energy Technology Group at 
Mathematical Sciences Northwest, Inc. The ability of the LDR to meet the 
anticipated space |)Ower needs of tne Air rorce, as well as NASA, has led to 
productive cooperation between tliese prjgrans s-j that an enhanced effort can 
be cj-ried out utilizing the m.anpower capaoiliiies ot stie group at 
Mathematical Sciences Northwest and the '.’ni versi tv . In addition, a very 
effective working relationship has developed between the University and tne 
NASA-iewis group under the direction of Robert Uercdw, Head, Advanced 
Energetics and Rower Systems Section, wnich adds to our capability in an 
important application of fundamental research, meeting both NASA's and the 
Air Force's requirement for space power in the near- and far-term. 

The current nterest of NASA in developing a permanent manned orbiting 
space station, capable of enhancing the scientific exploration of space but 
also intended to explore the potential of space industrial ization, will 
create the need of systems capable of supplying high power continuously (25 
to 25!) KW). Multikilowatt power levels automatical ly imply a disposal 
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system capable of manayiruj the waste heat plus an adet^uate energy storage 
system to provide power during the passage of tr.e space station through 
Farth's shadow. Our current eKanination of the LDR indicates that by using 
a conventional solar collector and a thenial energy storage system a 
complete power supply and waste energy management system can be developed 
around the LDR. While this will be a subject of bdsic and applied research 
within o'jr program during the coming year, it has also been targeted as a 
study problem for student efforts in the forthcoming 1933 winter quarter. 

A more complete review of our current efforts in the liquid droplet 
heat rejection program is reported in a later section of this proposal which 
will review present status and plans for the forthcoinimj year. 

Liquid Droplet Heat Exchangers 

The preliminary systems assessaient indicated that the concept of the 
LDR is extendable to neat exchangers whicn appear particularly suitable for 
space applications. The problem of highly oftectwo, yet reliable heat 
exciiangers has proved a problem whicn tends to doi.iinate many space systems. 
For oxample, dyni'.iic cycles involving Ura/ton engines are complicated by the 
rei|oi rerients of heat exchangers. Indeed in any thermal power system the 
problem of developing an effective, lujhtwfijht lieat exchanger of high 
reliability results in difficult design prcbleins and systems compromises. 

3y employing the liquid droplet principle and the inherent low vapor 
pressure of the fluids, a di r-^ct contact heat exchanger working in cero G 
was believed to be possible. Freliminary studies carried out of tne 
effectiveness and mass of such heat exchangers appeared very favorable. The 
liquid droplet heat exchanger was already being explored by our group under 
SERI contract XP-0-9371-1 and in a joint program with Matheinat i ca 1 Sciences 
Northwest through DOE contract «;ACC6-81-Ekl09lJi. These studies have 
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prowided the basic ijrouodworit of andl>sis on wMioh we have been able to 
build the new concept fur heat excharujers whicn, in particular, mate very 
well with the LOR. 

The proble.ns of zero G at first proved difficult and involved complex 
heat exchanger configurations which, while attractive in themselves, 
indicated the necessity of further exploratory development. At the present 
time, a number of configurations have been developed that are unoer both 
theoretical and exploratory experimental research at the University. These 
indicate that the liquid droplet direct-contact heat exchanger can work 
effectively in the zero G environment and greatly enhances the ultimate 
potential capability of the This section of our study is now moving 

in parallel with current studies of ultrahigh temperature heat exchangers 
being carried out for JOE and is, in and of itself, an important area of 
fundamental and applied research. As with the Ui»<, the current status of 
this aspect of our program and the plans for the forthcoming year will he 
discussed in more detail in later seutior^j. 
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